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part 1: introducing 
the 16-bit SAB&80C 166 





This is the first time 
Elektor Electronics 
presents a develop- 
ment system for a 16- 
bit microcontroller. 
We've chosen the 
SAB80C 166, which is 
generally known as 
the ‘generic device’ in 
the C166 series of 
microcontrollers man- 
ufactured by 
Siemens. This the first 
instalment of an 
extensive, multi-part 
article covering hard- 
ware, software and 
application examples, 
all aimed at introduc- 
ing you the world of 
16-bit microcon- 
trollers. 
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In the field of microcontrollers, prod- 
uct diversification has been evident for 
many years. In the early days of micro- 
controller technology, only a couple of 
different types were available. Initially, 
these chips were packed with just 
about anything technically feasible at 
the time (still not much by today’s 
standards). Soon, however, the com- 
bined forces of market and user 
demands brought about a change from 
general-purpose to specialized prod- 
ucts. This resulted in whole families of 
microcontrollers, with ‘members’ hav- 
ing preciously little in common except 
the instruction set. 

A fine example is the MCS51 family 





from Intel, with the 
famous 8051 as the 
‘generic device’ from 
which dozens of ver- 
sions were derived over 
the years. Until recently 
(well, afew years ago) 
only a few of these 
derivatives of the 8051 
were generally avail- 
able, and some of these 
were at the heart of our 
best-selling projects like 
the Elektor Electronics 
8052 BASIC Computer, 
80C32 Single-Board 
Computer and Match- 
Box BASIC Computer, 
to mention but a few. 

Meanwhile, how- 
ever, ultra-fast con- 
trollers have become 
available with 8 to 16 
pins, a small instruction 
set (RISC) and a just a 
basic complement. of 
I/O functions. Besides 
general-purpose work- 
ing horses like the 
80C51 you now find 
state-of the-art con- 
trollers with massive 
memories, tens of interrupt sources, 
A/D converters, registers and 1/0 lines. 
And they're fast, too! 


THE 80C 166: 

YOUR TAILOR-MADE 
CONTROLLER 

The SAB80C 166 from Siemens has been 
with us for about five years now and 
certainly belongs in the latter category 
of high-speed number-crunching 
beasts. Its clock frequency of 20 MHz 
and vast number of interrupt sources 
enable the 80C166 to act as the brains of 
applications requiring flexibility and 
very high speed. Typical examples 
include real-time embedded control 
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systems (as used in vehicles), and com- 
plex industrial control systems. 
Because the price of the SAB80C 166 
recently dropped to less than £10, the 
device is also a good candidate for 
advanced applications in the hobby 
and semi-professional fields. For exam- 
ple, the 80C 166 is ideal for simultane- 
ous control of several stepper motors, 
as the ‘brains’ in a professional object 
surveillance system, at the heart of a 
really extensive model-railway system, 
and many other applications. 

However, to most of you, the inter- 
esting thing about the 80C166 will be 
that it is a 16-bit microcontroller, for 
which a complete and affordable 
development system is described. 

This fist instalment of the article 
deals mainly with the controller itself, 
and the things it can do. Obviously, 
only a small selection can be made 
from the vast amount of information 
available on the 80C 166. Datasheets 
and auser handbook are available free 
of charge from the Internet — both are 
supplied as PDF files. 

The C166 series has three basic 
types. Whereas the family members 
designated 83C 166 and 88C166 have 
32 kBytes of ROM or Flash memory 
respectively, the 80C166M comes 
without this memory. No problem, 
because the evaluation system to be 
described provides a much larger 
external memory. 

As shown in Figure 1, the 
SAB80C166 sports 256 kBytes of 
addressable memory having the ‘Von 
Neumann’ architecture. The device can 
use one of four bus modes: 8-bit, 16-bit, 
multiplexed or non-multiplexed. On 
the development board, the 16-bit mul- 
tiplexed mode is used. The bus timing is 
adjustable in many ways, including the 
insertion of up to 15 wait states. Two 
different bus mode configurations may 
be used at the same time. Support for 
multi-master operation in multi- 
processor systems is also possible. 

The internal dual-port RAM has a 
capacity of 1 Kbytes, and is found in 
the address range O$FA00h through 
O$FDFFh. Of this memory, 255 bytes 
are bit-addressable. 

The 80C 166 offers five ports with a 
total of 66 bit-addressable input/output 
lines or special functions, as well asa 
port comprising 10 TTL or analogue 
inputs. 

The microcontroller has 98 Special 
Function Registers (SFRs) and 16 Gen- 
eral Purpose Registers (GPRs) per reg- 
ister bank. Changing between 16 regis- 
ter banks is possible, though limited by 
the internal RAM. 

There are 32 freely programmable 
interrupt sources, of which 19 are 
implemented as 
port pins. Inter- 
rupts can be 
assigned 16 prior- 
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Figure 1. Architecture 
of the SAB80C166M. 


ity levels, each having four group lev- 
els. The response time to interrupt 
events (in the external memory) is only 
600 ns. The interrupt inputs may be 
programmed to respond to events con- 
sisting of a negative or a positive pulse 
edge. 

The Peripheral Event Controller 
(PEC) comprises eight freely program- 
mable units, and allows 8- or 16-bit 
data traffic between memory and 
peripheralsin asingle cyde. The array 
of five universal 16-bit timers with a 
resolution of 400 ns or 200 ns may be 
employed as timers, gated timers or 
counters. Two more 16-bit timers, also 
independently programmable, are 
used by the 16 Capture/Compare units. 

The 80C166 has two serial ports 
with separate baudrate generators. The 
ports can operate in synchronous 
mode or asynchronous full-duplex 
mode at up to 625 kbit/s. The ten avail- 
able D/A converters are marked by a 
resolution of 10 bits, a conversion time 
of 9.7 us and a sampling period of 
1.58 us. These converters should enable 
single, continuous and group conver- 
sions to be performed without prob- 
lems. 

The watchdog timeout may be pro- 
grammed to any value between 25.6 us 
and 419 ms. 

The 80C166 features two power 
saving modes for battery operation: 
Power Down and Idle. About 90% of 
all commands are executed in one 
cycle, which takes 150 ns at a clock 
speed of 20 MHz and zero wait states. 
16-times-16 multiplication is completed 
in five cycles, 32-by-16 division, in ten 
cycles. 

The instruction set is remarkably 
consistent with all commands made up 
of either two or four bytes. Powerful 
word, byte and bit commands are also 
included. 








80C166 Board 
Main features 


<= Microcontroller: SAB80C 166M 

æ 40-MHz quartz crystal = 20-M Hz clock 
speed 

= 16-bit mode, multiplexed, segmented 

æ 64-kBytes RAM (with optional battery 
backup) 

= 64-kBytes EPROM for user program 

= 2 serial interfaces, RS232 

= 16 TTL outputs, buffered 

= 16 TTL inputs, buffered, interruptready 

æ 10 analogue/TTL inputs, protected 

æ 2 inputs/outputs, protected 

æ Extension bus 


Options: 

= 64 kBytes RAM or EPROM 

= 16 or 32 kBytes EEPROM 

<= Battery for RAM and RTC supply 
æ Watchdog / battery switchover 
= Real-time clock 





AROUND THE 80C 166 


Because the generic 80C 166 has only 

limited internal memory resources, our 

development system, of which the 

block diagram is shown in Figure 2, 

must have a minimum amount of 

external hardware around the micro- 

controller. The board contains the fol- 

lowing hardware components: 

æ 4 kBytes RAM (optionally battery- 
powered) 

æ 64kBytes EPROM containing the 
program 

= 16or 32 kBytes EEPROM 

= 16 buffered TTL outputs 

<= 16 buffered TTL inputs with inter- 
rupt ability 

= 10protected TTL/analogue inputs 

æ 2RS232 interfaces 

= 2 protected bidirectional in/out- 
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puts 
æ extension bus for add-on cards 
<> battery for RAM and clock supply 
<> watchdog/battery switchover 
= real-time clock 


Bus TIMING 

Of the four available bus modes, the 
development system only enploys the 
multiplexed 16-bit version. The 16 
address bits 0-15 are only available for 
50 us at the address/data port, and 
have to be ‘extracted’ with the aid of 
latches |C9/IC 10 and the ALE (Address 
Latch Enable) signal. Bits 16 and 17 are 
available at another port for the dura- 
tion of a cyde After the address has 
been supplied, the 16-bit data transfer 
process is completed. 

A data transfer operation takes 
850 ns after a reset (100 ns + 15 wait 
states of 50 ns). By reducing the num- 
ber of wait states to zero, this may be 
reduced to just 100 ns. Consequently, 
the memory access time can be any- 
thing between 50ns + data access time 
= 900ns, or just 150 ns if no wait states 
are programmed. Gate propagation 
times of 15 ns to 35 ns occurring in the 
chip select circuitry should be deduced 
from these values. At zero wait states, 
memory chips with an access time of 
less than 120 ns should be used. The 
50-ns steps are the result of the 20- 
MHz clock signal, which is derived 
from a 40-M Hz source. 

For the program code, the memory 
is divided into four segments of 
64 kBytes each. All chip select signals 
for the memory are produced by a 
GAL type 16V8 (IC4), as well as the 
write signals for all 8bit memory 
access operations. Programming details 
of the GAL will be published in part 2 
of this artide. 

The program start address may be 
set to any of the following addresses: 





Table 1. Segment configurations 


JP2/JP1 3 


0} 0} 1 1$0000h - 1$FFFFh 





Address 
































0} 14 2 2$0000h - 2$FFFFh 
1420. e3 3$0000h - 3$7FFFh 

0$8000h - O$FOFFh 
1]; 1/0 0$0000h - O$FOFFh 





In this way, different programs may be 
installed, loaded, or called up when- 
ever required. Other memory configu- 
rations are possible by changing the 
GAL contents. 

Programs always start at address 0. 
Because the development board con- 
tains volatile memory (RAM) at this 
address, random bytes are found when 
the system is powered up. Program 
code is therefore stored in an EPROM 
resident segment which is ‘mirrored’ to 
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Figure 2. The controller is surrounded by a plethora 


2 of peripheral functions. 






2 x 256 kBit 


EPROM 
2 x 256 kBit 
= 64kB 


RAM/EPROM 
2 x 256 kBit 


EEPROM 
2 x 64 kBit 


extension bus 


[ 


segment 0 after a reset, or when power 
is applied. When initialisation is fin- 
ished, the mirror is disabled by the 
instruction EINIT (End Initialisation), 
and segment 0 is returned to RAM. 
During a reset, controller output 
RSTOUT# is pulled logic low. It 
returns to logic high when the EINIT 
instruction is executed. This signal con- 
trols the segment mirror operation as 
described above. 


INPUTS/OUTPUTS 
The board offers you 16 outputs, all 
buffered via TTL components type 
74LS541 (or inverted when using the 
74LS540). After a reset, all controller 
pins are set to act as inputs. If output 
functions are required, you have to 
declare them as such in your program. 
TTL buffers from the 74LS541 take 
16 inputs to the controller. All inputs 
are interrupt-ready, and five of them 
may be used as counters. If the input 
signals have to be inverted, the buffer 
IC may be replaced by a type 74LS540, 
It is strongly recommended to stock 
to the use of LS-TTL components at the 
inputs and outputs, because they are 
far more resilient against short-circuits 
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and overvoltage than CMOS compo- 
nents. In general, a short-circuit on one 
of the output pins of the 80C 166 means 
instant demise of the controller. 

Ten inputs may be programmed to 
act as TTL or analogue inputs, the lat- 
ter with a resolution of 10 bits, and pro- 
tected against voltage surges or reverse 
input voltages by simple resistor/zener 
diode networks. Two similarly pro- 
tected bidirectional inputs/outputs are 
available for clock and data signals as 
required by a serial keyboard or an |2C 
bus, to mention but two examples. The 
clock input is interrupt-ready. 

There are two RS232 interfaces for 
communication with the user. SIO #2 
is required when the system is used 
with a monitor program. The reset and 
NMI (non-maskable interrupt) input 
are also bonded out to pins. 

All inputs, outputs and the 5-volt 
supply voltage connection are avail- 
able on three rows of solder pads. 
Here, different connector types may be 
mounted: 
< 2x 32-pin pinheader (plug) for flat- 

cable; 

æ 2 x 32-way socket to enable you to 
plug on boards containing control 


Elektor Electronics 3/99 


elements, switching elements, dis- 
plays, power drivers, power sup- 
plies, and so on. 

æ 2x 32-pin (a-c or ab row) or one 3 
X 32-pin (ab-c row) DIN connector 
as used in 19-inch rack systems. 


MEMORY 

Six sockets are available on the PCB to 
hold 64-, 128- and 256-kbit memory 
components, besides two sockets for 
64- or 128-kbit EEPROMs. Memory 
devices always have to be inserted in 
pairs (2 x 8 bits = 16 bits). A minimum 
memory configuration requires RAM 
(IC1Y/1C12) in the range O$¢000h- 
O$FOFFh, and a monitor or user pro- 
gram in EPROM (1C13/1C14) starting 
art 1$0000h. The internal memory and 
the register array of the 80C166 are 


tents (16 kBytes or 32 Kbytes of data) 
after the power supply or battery is dis- 
connected. Because the access time of 
these components will be of the order 
of 200 ns or longer, the necessary num- 
ber of wait states has to be pro- 
grammed when accessing the EEP- 
ROM memory range. 


Real-time clock (RTC) 

When the real-time clock unit type 
RTC-72421 is used, decoder IC6 (a 
74H C138) has to be fitted. The real- 
time clock continues to ‘tick’ when the 
development system is switched off. 


Extension bus 

The data/address bus, control signals 
and six chip select signal of the 
74H C138 (IC6) are made available on a 




































































located between O$FA00h and 32-way array of solder pads. Single 

O$FFFFh. row connector systems may be used to 
Table 2. Memory allocation 
RAM 64.0 kB |2 xRAM 62256 0$0000h-0$F9FFh 
Controller 1.5 kB 80C166 RAM and Register O$FAOOh-O$FFFFh 
EPROM 65.5 kB |2 xEPROM 27C256 1$0000h-1$FFFFh 
RAM or EPROM 65.5 kB |2 XRAM 62256 or 2 x EPROM 27C256 2$0000h-2$FFFFh 
EEPROM 32.8 kB |2 xEEPROM 28C64 / 28C128 3$0000h-3$7FFFh 
Decoder 16.4 kB 3$8000h-3$BFFFh 
CSO# CS 0 for extension cards 3$8000h-3$87FFh 
CS1# CS 1 for extension cards 3$8800h-3$8FFFh 
CS2# CS 2 for extension cards 3$9000h-3$97FFh 
CS3# CS 3 for extension cards 3$9800h-3$9FFFh 
CS4# CS 4 for extension cards 3$A000h-3$A7FFh 
CS5# CS 5 for extension cards 3$A800h-3$AFFFh 
CS6# Watchdog (MAX 690) 3$B000h-3$B7FFh 
CS7# Real-Time-Clock (RTC-72421) 3$B800h-3$BFFFh 
Free 16.4 kB |Free range 3$C000h-3$FFFFh 

extend the 80C166 board at both sides. 
OPTIONS Wait/Ready signal 


The printed circuit board we've devel- 
oped for the 80C 166 development sys- 
tem offers anumber of optional func- 
tions. 


Memory extension 1 

Positions |C15/IC 16 accept RAMs and 
EPROMs. Because these devices are 
not pin compatible, the relevant selec- 
tion must be set on jumpers J P22, JP23 
and JP24. The first, JP21, selects 
between battery power or 5-V supply. 
Evidently, EPROMs should only be 
powered by the 5V supply — they 
would drain the battery in a couple of 
minutes. 


Memory extension 2 

Positions 1C17/IC18 on the board are 
reserved for 64-kbit or 128-kbit EEP- 
ROMs. These devices retain their con- 


Elektor Electronics 3/99 


With the Ready input activated, it is 
possible to make the controller wait for 
aperiod determined by R25-C5. Thisis 
only possible via access to certain parts 
of the GAL, and via IC7 (74H C123). 
This option should only be used by 
experts! 

The other half of the 74H C123 may 
be set for the duration of R26-C7 under 
the control of P1.13. The output is 
freely available for control and timing 
purposes. 


Battery backup 

A 3.6-volt battery is provided on the 
board to enable the RAM devices to 
retain ther contents. JumpersJP11/)P21 
allow you to select between unbuffered 
and buffered powering of the RAMs. A 
MAX690 (IC3) arranges the switch-over 
between 5-V and battery voltage. 


M AX690 

This IC in position IC3 has two more 

functions: 

æ If WDI (WatchDog Input) remains 
open, the watchdog is disabled. If 
WDI is at TTL level via J3, the 
watchdog is active. After about 
100 ms, alevel change should occur 
at CS6; if not, the MAX690 issues a 
reset pulse. 

æ If the voltage at the PFI pin (Power- 
Fail Input) drops below 1.34 V, the 
PFO pin supplies a logic low level. 
Using JP4 this signal may be 
employed to generate a reset or an 
NMI. 


FINALLY 

That concludes our short description of 
the 80C 166 microcontroller and the 
basic possibilities of the evaluation 
board. Whenever you feel this article 
provides insufficient information, that 
is entirely due to the practical limita- 
tions of amagazine article. Note, how- 
ever, that anything you may want to 
know about the SAB80C166 can be 
found in the (free) databook and 
datasheets, which you will find indis- 
pensable anyway. The book, 
datasheets and lots of other useful 
information may be downloaded from 
this address 


Table 3. Information from the Internet 


www.smi.siemens.com/ics/micro/ 


Siemens 16-Bit Microcontroller Family 


<= 80C166 
Siemens 16-Bit Microcontrollers 


<= C167 Siemens 16-Bit Microcontrollers 


Additional Information 

= 16 Bit Application Notes 

= CAN Specific Application Notes 

æ 16-bit Errata Sheets 

= C166 Family Foilset 

= C16x- 16 Bit Architecture & 
Instruction Set Manual 

æ C166 Starter Kits 





The second instalment of this article 
will deal mainly with building the eval- 
uation board, and in particular, fitting 
the 100-pin controller. In case the board 
does not work spot-on, practical advice 
and help is provided in the section 
‘faultfinding’. 

Part two will also discuss connect- 
ing-up the PC and your first steps in 
the world of 16-bit programming. 
Finally, there’s useful information on 
where to obtain free or low-cost soft- 
ware for 80C166 program develop- 
ment. 
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